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DISTAL PROTECTION DEVICE 

FIELD OF THE INVENTION 

The present invention relates generally to endovascular 
devices for capturing particulate. More particularly, the 
invention relates to a filter assembly located at the distal 
end of a delivery member to capture emboli in a blood vessel 
during a vascular procedure and then removing the captured 
emboli from the patient after completion of the procedure. 
BACKGROUND OF THE INVENTION 
A variety of treatments exist for compressing or 
removing athersclerotic plaque in blood vessels. The use of 
an angioplasty balloon catheter is common in the art as a 
minimally invasive treatment to enlarge a stenotic or 
diseased blood vessel. This treatment is known as 
percutaneous transluminal angioplasty, or PTA. To provide 
radial support to the treated vessel in order to prolong the 
positive effects of PTA, a stent may be implanted in 
conjunction with the procedure. 

Removal of the entire thrombosis or a portion of the 
thrombosis sufficient enough to enlarge the stenotic or 
diseased blood vessel may be accomplished instead of a PTA 
procedure. Thrombectomy and atherectomy are well known 
minimally invasive procedures that mechanically cut or abrade 
the stenosis within the diseased portion of the vessel. 
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Alternatively, ablation therapies use laser or RF signals to 
superheat or vaporize the thrombis within the vessel. Emboli 
loosened during such procedures are removed from the patient 
through the catheter. 

During each of these procedures, there is a risk that 
emboli dislodged by the procedure will migrate through the 
circulatory system and cause clots and strokes. Thus, 
practitioners have approached prevention of escaped emboli 
through use of occlusion devices, filters, lysing and 
aspiration techniques. In atherectomy procedures, it is 
common to remove the cut or abraded material by suction 
though an aspiration lumen in the catheter or by capturing 
embo-li in a filter or occlusion device positioned distal of 
the treatment area. 

Prior art filters or occlusion devices are associated 
with either a catheter or guidewire and are positioned distal 
of the area to be treated. One prior art collapsible 
filter device includes a filter deployed by a balloon distal 
of a dilatation balloon on the distal end of a catheter. The 
filter consists of a filter material secured to resilient 
■ ribs. The ribs are mounted at the distal end of the 
catheter. A filter balloon is located between the catheter 
exterior and the ribs. Inflation of the filter balloon 
extends the ribs outward across the vessel to form a trap for 
fragments loosened by a dilatation balloon. When the filter 
balloon is deflated, the resilient ribs retract against the 
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g rturinq withdrawal of the 
catheter to retain the fragments during 


catheter 


25 


ter " • art filter arrangement includes several 

Another prior art filter 

.' st)a ced apart arrangement along 
fil ter elements fastened m spaced P ^ 

the length of a flexible elongate member. 

„v like arrangement to capture the 
open-mouthed tubular sock like arr 

loU within. The filter is collapsed around the flexibl 

— — " WraPP T f "lt2des a filter mounted 
Ye t another prior art filter mc 

• „f a hollow guidewire or tube. A core 
on the distal portion of a 9 ^ 

„ ire is used to open and close the filter. 

— - - - : r;i:"r 

The filter is secured at tne ax 

u ■. filter made from a shape 
Another prior art device has ,a filter 

• , Th e device ii deployed by moving the 
memory material. The ae 

collapsed and withdrawn by -ing a sheath over the 
and then removing the sheath and filter. 

A further prior art filter device discloses _ 

• f™„ filter mounted on a shaft that is 
compressible polymeric foam filter 

carted over the Rewire- e ^ 

lapsed within a housing wh c ^ fcy 
filter once in position. The 

—-"nr. 

and then removing the shaft, filter 
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Another prior art filter arrangement has a filter 
comprised of a distal filter material secured to a proximal 
framework! This filter is deployed in an umbrella manner 
with a proximal member sliding along the shaft distally to 
open the filter and proximally to retract the filter. A 
large separate filter sheath can be inserted onto the shaft 
and the filter is withdrawn into the shaft for removal from 
the patient. 

Other known prior art filters are secured to the distal 
end of a guidewire with a tubular shaft. Stoppers are placed 
on the guidewire proximal and distal of the filter, allowing 
the filter to move axially and retract independent of the 
guidewire. A sheath is used to deploy and compress the 
filter. 

One problem associated with known filter arrangements is 
that emboli may. not be fully contained within the filter. 
Emboli can build up in the area just proximal of the filter, 
including any frame portion of the filter assembly. As the 
filter is closed, emboli not fully contained in the filter 
can escape around the filter into the circulatory system and 
cause potentially life threatening strokes. While the blood 
flow is inhibited when an occlusion device is used during the 
procedure, emboli can escape as the occlusion device is 
withdrawn from the treatment area. 

Therefore, what is needed is a filter arrangement that 
addresses the problem of emboli not fully contained in the 
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j K „ -, n occlusion device, 
filter asserrbly or captured by an 

Fu rthern,ore. there is a need for a filter asse^y that rs 
stable for delivery with standard PTC, balloon or stent 
deliV ery catheters. Additional .here is a need for a 

. ,v, ar is secure by being mounted at its 
filter arrangement that is secure y 

- -„ hh P delivery member ensuring 
distal and proximal ends to the delive y 

prope r placement of the filter throughout deployment, capture 
of th e emholi and subseguent removal of the filter and 
captured emboli. 

SUMMARY OF THE INVENTION 

The present invention is a distal protection device for 
use in vascular procedures. The distal protection device 
deludes a filter assembly adjacent the distal end of a 

a in the procedure. The proximal and 
delivery member used m the pro 

dl etal ends of the fiUer asse^iy are fixed to the denary 
^er such that the ends cannot « W» ----- 

H^r but may rotate independent of the 
the delivery member, but may 

The filter assembly includes an 
delivery member core. The 

<hh a distal portion acting as the emboli 
expandible frame with a distal p 

k n filter is sized sufficiently to expand 
filter. The emboli filter is 

-•«« a i area of the vessel just distal 
and cover the cross sectional area 

of the intended treatment area. 

The filter assembly may have a variety of 

m . Mons in one embodiment, the frame consists only 
configurations. in on 

* ^ 0 filter assembly, with the 
of the proximal portion of the filter 

^ r < a i The frame can have 
distal half formed from filter material. 
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a braided configuration or consist of a sinusoidal ring 
element adjacent the filter material with helical segments 
extending from the sinusoidal ring to the delivery member, 
in another embodiment, the frame forms a basket arrangement 
and includes the filter material in the distal half of the 
basket. Such a frame can be configured with a tighter braid 
on the distal end, thus obviating the need for a filter 
material . 

The filter assembly further includes a moveable sheath 
£or positioning the emboli filter between an expanded 
position and a collapsed position. The sheath extends over 
the frame, collapsing the frame and filter of the assembly as 
they are drawn into the sheath. Likewise, when the frame and 
filter are removed from the sheath, they will expand so the 
£i lter will cover the cross sectional area of the vessel 
distal of the treatment area. 

Alternative embodiments of the filter assembly can 
include an aspiration lumen extending through the sheath or 

a flushing lumen extending through the sheath. This allows 

iarge emboli to be lysed or aspirated prior to retracting the 

filter and removing it from the patient. 

The sheath is configured to be used with either a rapid 

exchange arrangement or an over the wire arrangement as well 

known to those skilled in the art. 


25 
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BRIEF DESCRIPTION OF DRAWINGS 
For a more complete understanding of the features, 
aspects, ana advantages of the P-ent invention, reference 
J! made to the following Ascription, a PP en d e d claims, 

an d accompanying drawings wherein: 

, is a side view of a catheter and delivery 
Figure 1 is a 

= Hiatal protection device 

^ — protection device _ 

present invention, wicn 
deployed in a vessel,- 

Figure 2 is a cross section view taKen 

■ of catheter and delivery rce^er incorporate 
portion of catnet ^ ^ ^ 

distal protection device of tne pr 

ai protection device shown constrained in the vessel; 
Figure 3 is a side view of a second filter arrangement 

of the present invention shown deployed; 

f * third filter arrangement of 
„ 4=- a <?ide view of a tnira >-x± 
Figure 4 is a siae 

the present invention shown deployed, and 

. s i3 a side view o£ a rapid exchange styled 

Fl gure 5 is a si atrangement of the 

delivery sheath and a fourth filter 

io . d i St al protection device, 
The present invention is a disca 

. for use in minimally invasive 

^"dts - -er procedures 

procedures, ^ My 

— ^ P " CCitl0ner d d L T he distal protection 

be dislodged during the procedure. 
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device 10 includes a filter assembly 12 l°=*ted adjacent the 
distal end 14 of a delivery member 16. In this preferred 
entoodiment delivery member 16 can be a modified guidewire 
assembly, hereinafter referred to as either "delivery member" 
or -guidewire". Filter assembly 12 is delivered, deployed and 
retrieved by a sheath 18 arranged to be slid over filter 
assembly 12. when the dista! protection device 10 is in a 
constrained position, filter assembly 12 is collapsed within 
sh eath 18 as shown in Figure 2. When filter assembly 12 rs 
deployed, sheath 18 is withdrawn releasing filter assembiy 12 
as shown in Figure 1. 

i « _ _ f^ifpr 20 and a frame 22 
Filter assembly 12 includes a filter ;u a 

=»t- its distal portion 24 and 
and is secured to guidewire 16 at its dista v 

proximal portion 26. Preferably, the filter ends 24 and 26 

are fixed in the longitudinal position, but are capable of 

rotational movement independent of the guidewire core 17 

whil e maintaining the longitudinal position. Filter 20 is 

formed from a suitable mesh or porous material that will 

£i lter emboli from blood while permitting sufficient 

perfusion therethrough. For example, a porous filter can be 

formed from urethane materia! by adding salt, sugar or other 

granular particles during the casting of the urethane filter. 

blowing the cutting and curing proce these granular 

particles are dissolved forming a porous urethane filter as 

well Known to those .kill- in the art. Other suitable 

niter materials may include nylon, ePTFE, teflon, xevlar and 
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the UK. having an appropriate porous construction to filter 
emboli from blood passing through the filter. 

hlv 12 i S positioned concentric with 
Filter assembly 1^ 1S f w 

gui dewire «. rut- - is sized such that when it is fully 
deployed, as in Pi 9 ure 1. its proximal ed 9 e 33 win contact 

sur£ aee contact is preferahiy maintained over the en - 
cross section to prevent an y emboli from escapin, past fUt 
20 PUter 2 0 is preferably secured at its prox^l ed 9 e a 
„ £ram e 22 and at its distai portion 32 to the 9 uidewire «. 

wi v 19 is an expandable frame 
Frame 22 of filter assembly 12 is an 

^■^ ench as nitinol, a 
^de from a shape memory material. 

suitabl e polymer, stainiess steel or other surta e 
oriels. Severe! struts, designated generally as 3 
exte nd from the guidewire IS at proximal connect.cn to 

no f filter 20, to form frame 22, as seen in 

proximal edge 28. of filter 20, 

Figures 1 and 2. 40 

■ i ..ruts 38 may extend around filter 40 

Alternatively, struts J» m y 

In su ch an arrangement, hasxet frame « is secured prefer iy 
at ics proximal end 4S and distal end 4. to guidewire 
As „ it h the e-odiment of Pigure i, hasxet freme « is f-e 
on th e guidewire at a lon 9 itudinal position where rt s 
capaole of rotational movement independent of gu.dew.r SO. 
Lr ,0 is secured at its proximal end S. to hes^et freme 
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42 and at its distal end 54 to basket frame 42. Although 
£ilter 40 can be secured to the struts 34 on the distal 
P^ion 44 of basket frame 42. Alternatively, filter 40 may 
be formed on basket frame 42 by dip costing select portions 
of basket frame 42 with a suitable material such as urethane 

-v. „,f<.rtal to form the desired porous 
and treating the material to 

structure on distal portion 44. 

A variety of strut configurations are suitable such as 
the braid configuration shown in Figure 1. Struts 56 of 
filter assembly basket 58 shown in Figure 4 has a dense braid 
on distal portion 50 that transitions to a less dense braid 
on proximal portion 52. Filter material may be located on 
di.t.1 portion 50 by either having a separate filter material 
„ dip coating selected portions of the basket 58 as 

r P «ect to the embodiment shown in 
discussed above with respect co 

Figure 2. Alternatively, the braid of the struts 56 may be 
sufficiently dense on distal portion 60 to act as a porous 

. foT - a separate filter material 

filter thus obviating the need for a sepa 

f wsoicpf 58 Filter assembly 58 is 
or selective dip coating of basket 58. 

fixed to the guidewire 64 at its proximal end 66 and distal 
end 68. Again, filter assembly 58 is preferably fixed at a 
Xongitudinal position on guidewire 64 where it is capable of 
rotational movement independent of the guidewire core. A 
sheath 70 is used to deploy filter assembly 58. 

v. 4« Piaure 5 is similar to the 
Filter assembly 80 shown m Figure 

- „f Piaure 1. Frame 82 consists of a 
filter arrangement of Figure i. 
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d istal ring 8, forced from a sinusoidal element. Extending 
£r om ring 8, to the guide wire 33 ate helica! segments. For 
exa^le. one such helica! — « extends between apex 
o£ ring 8* and guidewire ... - * ° £ filt " " " 

secured to guidewire 86. 

Sheath S3 include, an aspiration lu„en 100 and lysing 
lumen 103. While two lumens are shown, as Known to those 
billed in the art. only an aspiration or lysing l«n .ay be 
inc orporated in sheath ... Sheath ICS also includes a short 

. - 4« a eheath configured as a 
guidewire lumen 104 resulting m a sheath 

rapid exchange sheath. 

The deployment o £ the filter assembly will now be 
scribed. The deployment mechanism includes sheatb 1, . that 
i. sited to travel over guidewire 16 and receive the frlter 
th erein as shown in figure 2. Sheath 18 may incorporate an 
.Ration lumen.30. additionally, sheath 18 n»y incorporate 
. pushing lumen « (Figure 1. to enable the practitioner to 
£1 ush the filter assembly with a lysing agent prior to and 
duri ng the procedure to re^ve emboli lodged on the struts. 

" for use as either an over the 

Sheath 18 is constructed for use a 

in piaure 1 or a rapid exchange system 
wire system as shown in Figure 

as seen in Figure 5. 

. ahVl , a is extended over guidewire 16 
In operation, sheath 18 is exu 

2 Sheath 13, filter asse^ly 1, and guidewire 1, are then 
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treated designated as 64 in Figure l. Filter assembly 12 and 
sheath 18 are positioned past the area 64 to be treated. 
Sheath 18 is then withdrawn, releasing struts 34 of filter 
assembly 12. As struts 34 resume their unrestrained 
position, filter 20 expands to fill the cross sectional area 
of the vessel. Sheath 18 may then be completely withdrawn 
from delivery member 16 and then an appropriate second 
delivery member, such as a treatment catheter, is routed 
over guidewire 16 to the treatment area. 

During and after the treatment such as, an angioplasty, 
atherectomy or the like procedure, emboli can be dislodged. 
The emboli will travel downstream and be captured by filter 
20. The treatment catheter is removed after the procedure 
and sheath 18 is loaded on guidewire 16 and delivered to the 
treatment area 64. Prior to collapsing the filter assembly 
12, the practitioner can aspirate the area to remove any 
loose emboli that may not be sufficiently captured in filter 
20. For example, emboli may be lodged on struts 34 proximal 
of filter 20. When filter 20 is collapsed, these emboli may 
escape into the blood stream. Thus, the particles should be 
removed. Furthermore, the practitioner may chose to flush 
the area with a lysing agent to reduce the size of the emboli 
within filter 20 or struts 34 prior to recapturing the 
filter. 

The practitioner then extends sheath 18 over filter 
esscnbly 12 compressing filter 20 and the captured emboli 
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„ithin sheath ». Sheath IS, mter assembly 1= and. 
guidewire i« can then he reeved fro* the patient. 

The forcing and exan^es are Uiustratrve 

and ate in no way intended to ii.it the scope o £ the cia^s 
aec £ orth herein. W exa.pie. the niter .ater.ai can a 
nyl on or PET that has hoies poKed therethrough. The £ Uter 
L he .ousted onto a deiivery — r such as a catheter or 
lnt egrai with a dictation haiioon £ or advancing across a 
cigh t stenosis. These and other aiternatives are »th» 
scope of the invention. 
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e claim: 

A distal protection device comprising: 

a delivery member having a proximal end and a 
distal end; 

a filter assembly adjacent said distal end of said 
delivery member, said filter assembly having a proximal 
end longitudinally fixed to said delivery member and a 
distal end longitudinally fixed to said delivery member; 
and 

a selectively moveable sheath for positioning said 
filter assembly between a deployed position and a 
collapsed position. 

2. The distal protection device of claim 1 wherein said 
filter assembly distal end comprises a filter material 
and is sized to fill a selected cross sectional area of 
a treatment area. 

3. The distal protection device of claim 1 wherein said 
filter assembly proximal end comprises an expandible 
frame . 

4. The distal protection device of claim 3 wherein said 
expandable frame has a braid configuration. 
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The distal protection device of claim 3 wherein said 
expandable frame includes a sinusoidal ring at its 
distal end. 

The distal protection device of claim 1 wherein said 
filter assembly comprises an expandible basket. 

The distal protection device M claim 4 wherein said 
expendible basket comprises a braid structure that 
transitions from a dense weave at said filter assembly 
dis tal end to a less dense weave at said filter assembly 
proximal end. 

The distal protection device iof claim 4 wherein said 
basket further includes a proximal end and a distal end 
and filter material positioned at a distal end and sized 
sufficiently to expand and cover the cross -sectional 
area distal of the treatment area. 

The distal protection device of claim 1 wherein said 
selectively moveable sheath; is concentric with said 
delivery member. 

The distal protection device of claim 1 wherein said 
filter assembly is concentric with said delivery member. 
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U. The distal protection device of claim 1 wherein said 
filter assembly comprises an expandible frame forming 
said proximal portion and an expandible porous filter 
comprising said distal end. 

12. The distal protection device of claim 1 wherein 
associated with said selectively moveable sheath 
includes an aspiration lumen. 

13. The distal protection device of claim 1 wherein said 
selectively moveable sheath includes a flushing lumen. 

14. A method of using a distal protection device comprising: 

providing a delivery member having a sheath 
covering a filter assembly located adjacent a distal 
end of said delivery member, said filter assembly 
longitudinally fixed to said delivery member at a 
proximal end and distal end of said filter assembly; 

positioning said filter assembly distal of a 

treatment region; 

retracting said sheath to deploy said filter 
assembly distal of the treatment region; 

conducting a procedure at said treatment region; 

capturing emboli in said filter during said 
procedure ; 

moving said sheath over said filter assembly to at 
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least partially collapse said filter around said 

captured emboli; and 

removing said at least partially collapsed filter 

and captured emboli from said patient. 

15 a method of claim 14 and further including advancing a 
second delivery member over said first delivery member. 


16. 


A method of claim 15 and further including performing a 
procedure at said treatment region with said second 
delivery member. 

17 a method of claim 14 wherein said filter assembly 
includes a filtering material and the step of deploying 
said filter assembly also comprises expanding said 
filtering material of said filter assembly. 

18 A method of claim 14 and further comprising aspirating 
said filter and captured emboli prior to collapsing said 
filter. 

19 . a method of claim 14 and further comprising flushing 
said filter assembly with a lysing agent prior to 
collapsing said filter. 


20. 


vascular filter apparatus comprising: 
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a core wire having proximal and distal ends, 
a filter concentrically arranged around said core wire, 
said filter having proximal and distal ends, the distal end 
of the filter being attached to the core wire adjacent its 
distal end and the proximal end of the filter being attached 

to the core wire, and 

a sheath concentrically arranged around the core wire 
and having proximal and distal ends, the distal end of the 
sheath having a lumen of sufficient diameter to slide over 
the proximal portion of the filter. 

21. The apparatus of Claim 20, wherein the filter comprises 
a wire structure having a porous membrane attached thereto. 

22. The apparatus of Claim 20, wherein the proximal end of 
the filter .is slidably attached to the core wire by a 
radiopaque marker or crimp band and the distal end of 
the filter is fixedly attached to the core wire by a 
radiopaque marker or crimp band. 

23. The apparatus of Claim 20, wherein the proximal end of 
the filter is fixedly attached to the core wire by a 
radiopaque marker or crimp band and the distal end of the 
filter is slidably attached to the core wire by a radiopaque 
marker or crimp band. 
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24. The apparatus of Claim 21, wherein the porous filter 
membrane is attached to only the distal portion of the wire 


structure 


25 . The apparatus of Claim 20, wherein the distal end of the 
core wire comprises a floppy tip. 

26. The apparatus of Claim 20, wherein the proximal end of 
the sheath is attached to a handle. 
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